MULTI-CHANNELケイ ニオケル ソウホセイ ト ソウツイセイ リョウシ カガク ニオケル ソウツイセイ ト スケール by 原田, 僚 et al.
Title Multi-channel系における相補性と双対性 (量子科学における双対性とスケール)
Author(s)原田, 僚; 小嶋, 泉; 岡村, 和弥; 西郷, 甲矢人; 谷村, 省吾






















( [3] ) 1970
[2]








11 4 –6 )
2 : okamura@math kyoto-u.ac.jp


















1. ( ) $X$ $A$ $X$ $A^{c}$ $A$
$A=(A^{c})^{c}$




3. ( ) $\mathbb{R}^{3}$ $ax+by+cz=0$ $(x, y, z)$
$ax+by+cz=0$ $(a, b, c)$
$ax+by+cz=0$ $(a, b, c)$ $(x, y, z)$
4. ( ) $V$ $\mathbb{K}$( $\mathbb{C}$ $\mathbb{R}$) $V$
$V^{*}$ $V^{*}$
$\hat{v}(f):=f(v)(v\in V, f\in V^{*})$ $\wedge:Varrow$
$(V^{*})^{*}=:V^{**}(v\mapsto\hat{v})$ $V$ $V^{**}$ ( $V$ )
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$U^{*}AU=(|\alpha|^{2}-|\beta|^{2})(\begin{array}{ll}l 00 -1\end{array})+(\begin{array}{ll}0 2\overline{\alpha}\beta 2\alpha\overline{\beta} 0\end{array})$ (6)
165
$A$
$G_{\theta}^{*}(\begin{array}{ll}0 2\overline{\alpha}\beta 2\alpha\overline{\beta} 0\end{array})G_{\theta}=(\begin{array}{ll}0 2e^{i\theta}\overline{\alpha}\beta 2e^{-i\theta}\alpha\overline{\beta} 0\end{array})$ (7)




$B=(\begin{array}{ll}0 11 0\end{array})=\sigma_{x}$ (11)
$AB\neq BA$ $\rho\in S(\mathbb{C}^{2})(\mathbb{C}^{2}$
)
$E^{A}(\triangle)E^{B}(\Gamma)\rho\neq E^{B}(\Gamma)E^{A}(\Delta)\rho$ (12)
[11] $A$ $B$ $\rho$
1. Hilberi $\mathcal{H}$ $X,$ $Y$ $\rho\in S(\mathcal{H})$ ( $\mathcal{H}$ )
$C_{X,Y}$ $com(X, Y)=\{\psi\in \mathcal{H}|[E^{A}(\Delta), E^{B}(\Gamma)]\psi=$
$0,$ $\Delta,$ $\Gamma\in \mathfrak{B}(\mathbb{R})\}$ $P,$ $Q$ $P\wedge Q$
ran$(P)\cap ran(Q)$
(1) $C_{X,Y}\rho=\rho$
(2) $(\mathbb{R}^{2}, \mathfrak{B}(\mathbb{R}^{2}))$ $E$
$E(\triangle\cross\Gamma)\rho=E^{X}(\Delta)\wedge E^{Y}(\Gamma)\rho$ for all $\triangle,$ $\Gamma\in \mathfrak{B}(\mathbb{R})$ (13)
(3) $\mathfrak{B}(\mathbb{R})\cross \mathfrak{B}(\mathbb{R})$ $\Delta\cross\Gamma\mapsto$ Th $[E^{X}(\triangle)\wedge E^{Y}(\Gamma)\rho]$ $(\mathbb{R}^{2}, \mathfrak{B}(\mathbb{R}^{2}))$

















Step 1. $n$ channel channel
channel $i\iota_{\llcorner}^{-}$ $P_{i}$
$\sum_{i=1}^{n}P_{i}=I$ (16)
channel $i$ channel $i$ $I_{ij}(i,j=1, \cdots n)$ :
$I_{ji}=I_{ij}^{*}$ , $I_{ii}=P_{i}$ , $I_{ij}I_{kl}=\delta_{jk}I_{il}$ (17)
Step 2. ( )









$(a_{1},$ $a_{2},$ $\cdots$ , an $)$ $(a_{1}, a2, \cdots, an)$
Step 4. $(a_{1}, a_{2}, \cdots,a_{n})$




$\{A_{1}, \cdots, A_{n-1}\}$ $A_{t}$ channel $i$ channel $i+1$
$0$ $0$
$\{A_{1}, \cdots , A_{n-1}\}$
$\{A_{1}, \cdots, A_{n-1}\}$
Lie $\tilde{\text{ }}$ S( ) Lie
Step 5.
$\tilde{\text{ }}=\{\sum_{i}a_{i}A_{i}|a_{i}\in \mathbb{R}\}$
: $= \tilde{\text{ }}^{\mathbb{C}}=\{\sum_{i}a_{i}A_{i}|a_{i}\in \mathbb{C}\}$ $S(g)$
$\{I_{ij}\}$ - $\{\sum_{i<j}(b_{ij}I_{ij}+b_{ij}^{*}I_{ji})|b_{ij}\in \mathbb{C}\}-$
$S(g)$ Lie $g$ ( )
$g$ ( )
$= \{\sum_{i}a_{i}A_{i}+\sum_{i,j}b_{ij}I_{ij}|a_{i}, b_{ij}\in \mathbb{C}\}$
(21)
$g$ ( ) $S(g)$ Lie $(\mathfrak{h})$ Lie




$I_{ij}\in 9\alpha$ $I_{ji}\in 9-\alpha$
-Cartan - Step 4.











1 $\langle A,$ $B\rangle:=$ Tr$[ad(A)ad(B)](A, B\in \mathfrak{h})$
$X_{\alpha}$ $A\in$ $\alpha(A)=\langle A,$ $X_{\alpha}\rangle$
1. $A\in$ $B=I_{\alpha}+I_{-\alpha}(I_{-\alpha}=I_{\alpha}^{*}, [I_{\alpha}, I_{-\alpha}]=X_{\alpha})$
$\exp(i\frac{\pi}{2}ad(B))A=e^{i\frac{\pi}{2}B}Ae^{-i\frac{\pi}{2}B}=s_{\alpha}(A):=A-2\frac{\langle A,X_{\alpha}\rangle}{\langle X_{\alpha},X_{\alpha}\rangle}X_{\alpha}$ (24)
Weyl “generator ” channel
2. $A\in \mathfrak{h},$ $B\in$ $\alpha$
$\exp$ $(i\theta ad(A))B=e^{iA\theta}Be^{-iA\theta}=e^{i\alpha(A)\theta}B$ (25)
generator




$B$ $c_{\alpha}=c_{-\alpha}^{*},$ $I_{\alpha}=I_{-\alpha}^{*}$ $\{c_{\alpha}\}_{\alpha\in\Phi},$ $\{I_{\alpha}\}_{\alpha\in\Phi}$
4.2
$g=\epsilon \mathfrak{l}(n, \mathbb{C})=5U(n)^{\mathbb{C}}$ $P_{i}$ $(i, i)$ 1
$0$ $I_{ij}$ $(i,j)$ 1 $0$ $(I_{ii}=P_{i})$
$(i, j=1, \cdots, n)$ $\{A_{1}, \cdots, A_{n-1}\}$
$A_{i}= \frac{1}{\sqrt{i(i+1)}}\{\sum_{j=1}^{i}P_{j}-iP_{i+1}\}$ (27)
$(i=1, \cdots, n)$ Cartan $\{A_{1}, \cdots, A_{n-1}\}$
$\{\alpha_{1}, \cdots, \alpha_{n-1}\}$
$\circ$
$\alpha_{1}$ $=$ $(\sqrt{2},0,$ $\cdots,$ $0)$ , (28)




$(i=2, \cdots, n-1)$ $\alpha_{i}(i=2, \cdots, n-1)$ $i-1$ $\sqrt{i-1}/i$ , $i$
$\sqrt{i+1}/i$ $\mathbb{R}^{n}$ $i$ 1 $0$
$e_{i}((\begin{array}{llll}a_{11} a_{22} O \ddots O a_{nn}\end{array}))=a_{ii}$ (30)
$e_{i}(i=1, \cdots, n)$ $\{e_{1}, \cdots, e_{n}\}$
$\sum \mathbb{R}e_{i}$
$I_{i,i+1}\in g_{\alpha}:(i=1, \cdots, n-1)$
$I_{ij}\in g_{\Sigma_{k=:}^{j-1}\alpha_{k}}(i<j),$ $I_{\mathfrak{i}j}\in g_{-\Sigma_{k=}^{j-1}.\alpha_{k}}(i>j)$ (31)
6. (3-channel ). $g=\epsilon \mathfrak{l}(3, \mathbb{C})=\epsilon u(3)^{\mathbb{C}}$
$Ca\hslash an$ :3-channel
: $=\{a_{1}A_{1}+a_{2}A_{2}\},$ $A_{1}= \frac{1}{\sqrt{2}}(\begin{array}{lll}1 0 0 0-l 0 00 0\end{array}),$ $A_{2}= \frac{1}{\sqrt{6}}(\begin{array}{lll}1 0 00 1 00 0-2\end{array})$ (32)
$=$ $=$
$I_{12}=(\begin{array}{lll}0 1 00 0 00 0 0\end{array}),$ $I_{13}=(\begin{array}{lll}0 0 10 0 00 0 0\end{array}),$ $I_{23}=(\begin{array}{lll}0 0 00 0 10 0 0\end{array})$ (33)
$[A_{1}, I_{12}]$ $=$ $\sqrt{2}I_{12},$ $[A_{2}, I_{12}]=0\Rightarrow I_{12}\in g_{\alpha_{1}}$ , (34)
$[A_{1}, I_{23}]$ $=$ $- \frac{1}{\sqrt{2}}I_{23},$ $[A_{2}, I_{23}]= \frac{\sqrt{3}}{\sqrt{2}}I_{23}\Rightarrow I_{23}\in g_{\alpha_{2}}$ , (35)
$[A_{1}, I_{13}]$ $=$ $\frac{1}{\sqrt{2}}I_{13},$ $[A_{2}, I_{13}]= \frac{\sqrt{3}}{\sqrt{2}}I_{13}\Rightarrow I_{13}\in g_{\alpha_{1}+\alpha_{2}}$ (36)
$\alpha_{1}=(\sqrt{2},0),$ $\alpha_{2}=T^{1_{2}}(-1, \sqrt{3}),$ $\alpha_{1}+\alpha_{2}=\ovalbox{\tt\small REJECT}_{2}^{1}(1, \sqrt{3})$
(Weyl ) $B_{12}=I_{12}+I_{21}$
$e^{i\frac{\pi}{2}B_{12}}A_{1}e^{-i\frac{\pi}{2}B_{12}}$ $=$ $-A_{1}$ , (37)
$e^{i\frac{\pi}{2}B_{12}}A_{2}e^{-i\frac{\pi}{2}B_{12}}$ $=$ $A_{2}$ (38)
: 2-channel
$B_{\alpha_{1}}$ $=$ $a_{12}I_{12}+ai_{2}I_{21}=(\begin{array}{lll}0 a_{12} 0a_{12}^{*} 0 00 0 0\end{array})$ , (39)
$B_{\alpha_{2}}$ $=$ $a_{23}I_{23}+a_{23}^{*}I_{32}=(\begin{array}{lll}0 0 00 0 a_{23}0 a_{23}^{*} 0\end{array})$ , (40)
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